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Objective: The purpose of this study was to assess the suitability for endovascular repair of abdominal aortic aneurysm
(EVAR) in an unselected patient population.
Patients and methods: Between February 1999 and May 2002 all consecutive patients with a nonemergent abdominal
aortic aneurysm (AAA) were prospectively examined with contrast material–enhanced spiral computed tomography
(CT). Those patients probably suitable for EVAR on the basis of CT findings underwent calibrated angiography. A panel
of radiologists and vascular surgeons reviewed the clinical data and vascular anatomy, and decided on the appropriateness
of EVAR with the bifurcated Zenith AAA endovascular graft.
Results: One hundred seven patients were included. Fifty-six patients (52%) had one or more contraindications for EVAR.
Unsuitability was most frequently (88%) related to the proximal neck. Inadequate neck length was the most common
specific reason. Inadequate iliac anatomy was the reason for unsuitability in 59% of patients. The rate of unsuitability
decreased from 61% during the first half of the study to 40% during the second half (P  .03) Unsuitability was equal
between men and women. Age and maximum diameter did not differ between candidates and noncandidates.
Conclusion: Almost half (48%) of patients with an infrarenal AAA referred to a primary referral center are suitable for
EVAR with the bifurcated Zenith AAA endovascular graft. Neck anatomy was the most frequent reason for rejection.
Rate of suitability increased over time, probably as a result of increasing experience. Suitability was not influenced by
gender, age, or aneurysm size. (J Vasc Surg 2003;38:758-61.)
Endovascular repair of abdominal aortic aneurysm
(AAA) has emerged as a viable alternative to open surgical
repair.1 In contrast to open surgical repair, the applicability
of endovascular aneurysm repair (EVAR) depends on ap-
propriate aneurysm anatomy.2-4 However, estimates re-
garding suitability rate for EVAR vary widely, between 10%
and 80%.2,5-16 More AAAs can be treated with a bifurcated
graft or an aortouniiliac device than with an aortic tube
graft. An increasing number of commercial devices are
available, and subsequently the anatomic criteria used may
differ somewhat. The purpose of this study was to assess
suitability for EVAR with a bifurcated graft in an unselected
consecutive patient population. We evaluated reasons for
unsuitability and examined trends of suitability over time,
as well as influence of patient age and gender, and aneurysm
size.
METHODS
Patient selection and imaging. An endovascular pro-
gram for repair of AAA was started at our hospital, a
primary referral vascular institution in The Netherlands, in
February 1999. From February 1999 through May 2002
all patients with a nonemergent AAA referred to our hos-
pital were prospectively evaluated for suitability for EVAR.
All patients were initially examined with contrast
material–enhanced (bolus injection 100 mL, 3 mL/s, de-
lay 30 seconds) single-section spiral computed tomography
(CT; Siemens, Erlangen, Germany) from the superior end-
plate of L1 to the symphysis pubis, with 5 mm collimation
at a pitch of 1.6 and 3 mm reconstruction. If CT scan
measurements appeared satisfactory for EVAR or if there
was any question, the patient underwent digital subtraction
angiography (DSA) with a calibrated catheter, from the
celiac trunk to the iliac bifurcation. In addition, runoff
vessels were visualized to the level of the popliteal artery.
The aorta was imaged in at least two directions, and the iliac
arteries in three directions. A 0.035-inch stiff guide wire
(Cook, Bjaeverskov, Denmark) was used in tortuous iliac
arteries in an attempt to straighten them. Vessel diameters
were measured at CT, and vessel length was measured at
DSA, if performed.
Device and inclusion criteria. One radiologist per-
formed the measurements and presented them to a panel of
vascular surgeons, who reviewed the general condition of
the patients. Together they decided on the appropriateness
of EVAR. Initially we participated in a trial evaluating
EVAR with the Talent LPS bifurcated stent graft (Med-
tronic World Medical, Sunrise, Fla). However, after a few
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months we changed to the Zenith AAA endovascular graft
(William Cook Europe, Bjaeverskov, Denmark).17 In this
study we applied the selection criteria for EVAR with the
bifurcated Zenith endovascular graft for all patients, includ-
ing those who were initially evaluated for implantation of
the Talent stent graft. The Zenith endovascular graft is a
modular system that consists of a woven polyester (Dacron)
graft attached to a self-expanding stainless steel Z-stent
with hooks on a bare open stent for transrenal proximal
fixation.
The proximal neck graft diameter of the Zenith system
varies from 22 to 36 mm. The distal leg diameter varies
from 8 to 24 mm. The Zenith component diameters must
be oversized 10% to 15% to secure and maintain a sufficient
seal. Thus the AAA proximal neck diameter may not exceed
32 mm, and the diameter at the distal iliac attachment site
may not exceed 21 mm. Although the Zenith system has a
transrenal fixation, neck length should be 15 mm or greater
between the lowest renal artery or important accessory
renal artery and the beginning of the aneurysm. In addi-
tion, the infrarenal neck diameter should not increase 5 mm
or more (cylindrical neck shape). Femoroiliac arteries
should not be severely stenosed or occluded, and their
diameter should be 7 mm or greater to accommodate the
introducer system, which varies from 14F to 20F. Patients
with bilateral aneurysms extending to or beyond the iliac
bifurcation are generally excluded, because at least one
hypogastric artery should be preserved. If an aneurysm
extends to the hypogastric artery on one side only, the iliac
leg on that side can be extended into the external iliac artery
after embolizing the hypogastric artery to prevent a type II
endoleak. Other relative criteria for inclusion are aneurysm
diameter 5 cm or greater or progressively growing aneu-
rysm, aortic angulation less than 60 degrees, neck free of
circumferential thrombus or heavy calcification, iliac tortu-
osity less than 90 degrees, and no heavy calcification of the
iliac arteries. No formal criteria were used to determine an
acceptable extent of thrombus or calcification; rather, the
decision was made based on the judgment of the review
panel to predict stent attachment. It is possible to insert
gaps of 5 or 10 mm after the proximal first or second
internal stents of the custom-made Zenith endovascular
graft, to accommodate severe aortic neck angulation. An-
eurysms were classified as suprarenal, juxtarenal, or infrare-
nal. One patient appeared to have a pelvic kidney, and his
aneurysm was classified as suprarenal. Patients with supra-
renal aneurysm, inflammatory aneurysm, or aortic prosthe-
sis, and patients clinically unfit for EVAR were excluded
from the study.
Data analysis. For time trends in suitability for EVAR,
we divided the study period of 40 months into two periods
of 20 months, February 1999 through September 2000
and October 2000 through May 2002). All analyses were
performed with SPSS for Windows, version 9.0 (SPSS,
Chicago, Ill). Data were analyzed with the Mann-Whitney
U test and the 2 test. P  .05 was considered significant.
RESULTS
During the study 142 patients were screened for
EVAR. Eight patients were excluded because of inflamma-
tory aneurysm (n 3) or a surgical aortic tube or bifurcated
prosthesis with aneurysms at the proximal or distal anasto-
moses (n  5). Also excluded were 20 patients with a
suprarenal aneurysm at CT and 4 patients who were clini-
cally unfit to undergo surgical repair or EVAR. One hun-
dred seven patients (96 men, 11 women), ages 51 to 92
years (mean, 74 years), were included in the study. All
patients underwent CT, and subsequently 76 patients also
underwent calibrated DSA. Mean maximum aneurysm di-
ameter was 6.1 cm (range, 2.9-12.4 cm).
Fifty-six patients (52.3%) had one or more contraindi-
cations to EVAR (Table I). Unsuitability was most fre-
quently related to proximal neck anatomy (reason for re-
jection in 87.5% of patients). Inadequate neck length was
the most common specific reason. In 21 patients (37.5%)
inadequate proximal neck anatomy was the only reason for
unsuitability, whereas just 5 patients (8.9%) had inadequate
iliac anatomy as the only reason.
Mean age of patients suitable for EVAR (74.2  9.2
years) was not significantly different from that of noncan-
didates (73.4  8.1; P  .47), and maximum aneurysm
diameter was almost similar (60.7  10.2 mm vs 62.1 
14.7 mm; P  .96). Rate of unsuitability was the same for
women and men (6 of 11 [54.5%] vs 50 of 96 [52.1%]; P
.88). Rate of unsuitability decreased significantly, from
60.9% during the first half of the study to 39.5% during the
second half (P  .03; Table II). This result was not altered
Table I. Reasons for unsuitability for endovascular repair
in 56 (52.3%) of 107 patients studied
Reason
No. of
patients %
Proximal neck
Infrarenal neck length 15 mm 37 66.1
Infrarenal neck diameter 32 mm 25 44.6
Noncylindrical shape of infrarenal
neck*
3 5.4
Infrarenal neck angulation 60° 11 19.6
Thrombus 6 10.7
Calcification 4 7.1
One or more of above reasons 49 87.5
Inadequate proximal neck anatomy
as only reason
21 37.5
Iliac arteries
Bilateral aneurysms (Common iliac
artery diameter 21 mm)
11 19.6
Calcification 17 30.4
Tortuosity 90° 13 23.2
Too narrow to allow passage
delivery system
3 5.4
Severe iliac stenosis or occlusion 3 5.4
One or more of above reasons 33 58.9
Inadequate iliac anatomy as only
reason
5 8.9
*Gradual neck diameter increase of 5 mm or more if neck length 15 mm
and neck diameter 32 mm.
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with multivariate analysis including the covariates age, gen-
der, and aneurysm diameter. Inadequate neck anatomy as
the reason for unsuitability tended to increase, from 82.1%
to 100%, over the study (P  .06). On the contrary,
inadequate iliac anatomy as reason for unsuitability tended
to decrease, from 64.1% to 47.1% (P  .23).
Of 51 candidates for EVAR, 40 (78.4%) eventually
underwent EVAR. Since February 2001 we have partici-
pated in the Dutch Randomised Endovascular Aneurysm
Management (DREAM) trial, in which EVAR is compared
with open surgical repair. As a result of this trial, AAAs in
seven patients fit for EVAR were not treated with a stent
graft. Furthermore, three patients underwent emergency
surgical repair because of rupture or acute symptoms, and
one patient died during the screening period. Of 59 pa-
tients who were not suitable for EVAR, 40 (67.8%) under-
went open surgical repair.
DISCUSSION
The Zenith endovascular graft is a modular system with
a wide range of lengths and diameters to fit extremes of
anatomy. It has hooks on a bare, open stent for transrenal
proximal attachment. A smooth, tapered introducer system
with maximum diameter of 20F facilitates easy insertion in
tortuous and small femoroiliac arteries. Despite these ad-
vantages, only 48% of patients with AAA referred to our
primary vascular referral center are suitable for EVAR with
the bifurcated Zenith endovascular graft.
Previous studies reported that as many as 66% of infra-
renal aneurysms can be treated with commercial endovas-
cular devices currently available.15 High suitability rates
originate mainly from tertiary referral centers, and this may
be due to referral bias.14 Patients may be preselected before
referral to a tertiary center. High suitability rates of 80% are
reported by institutions that use homemade aortouniiliac
devices.2 The highest suitability rate is likely to be achieved
with aortouniiliac devices, with the disadvantage that addi-
tional femorofemoral crossover bypass grafting must be
performed.
In addition, patient groups analyzed differ among stud-
ies. All patients with nonemergent infrarenal AAA were
included in this study, and thus were considered for endo-
vascular treatment, although inclusion of younger and low-
risk patients might be debatable. Carpenter et al15 showed
that the general condition of the patient influences suitabil-
ity rate: patients at high risk (49%) were less likely to qualify
for EVAR than were patients at low risk (80%). Therefore,
in this study patients at low risk were not excluded before-
hand. Furthermore, short-term results of EVAR justify
endovascular treatment.18 Long-term results are as yet
unclear, which is why randomized controlled studies are
needed. Whether long-term results justify endovascular
treatment in younger patients and in those at relatively low
risk remains to be determined. We excluded patients who
appeared to have suprarenal aneurysms at CT and patients
who fulfilled the anatomic criteria but were unfit to un-
dergo EVAR. When they were included, suitability rates
decreased to 38%. Finally, some discrepancies in reported
suitability rates are due to the various bifurcated devices
used.
Our findings are in agreement with others that the
absence of an adequate infrarenal aortic neck is the most
frequent cause of unsuitability.9,11,13-16 In 38% of patients
inadequate neck anatomy was the only reason for rejection.
Although the Zenith endovascular graft has hooks on a
bare, open stent for transrenal proximal attachment, we still
reject patients with an infrarenal neck less than 15 mm. By
using this strict criterion, we have not observed any type I
endoleaks during follow-up. Some studies have demon-
strated that use of liberal indications, especially related to
proximal neck length and diameter, may lead to a higher
incidence of complications.19,20 The benefit of transrenal
fixation of the stent graft is that this may reduce the risk for
graft migration and proximal endoleak,21,22 but it may not
increase suitability rate.
Rate of suitability increased significantly, from 39% to
60%, during the study period. This was due in part to a
lower rate of inadequate iliac anatomy during the second
period, whereas the rate of inadequate neck anatomy
tended to increase. Possibly we became more liberal with
iliac criteria and more strict with proximal neck criteria.
Wolf et al14 also reported a higher suitability rate in the later
phase of their endovascular program. This may be ex-
plained by growing experience, not only in assessing suit-
ability of EVAR but also in inserting stent grafts. When
initial results are satisfactory, the review panel may use more
liberal inclusion criteria, especially subjective criteria. More
difficult cases may be accepted, although this may eventu-
ally lead to more complications.
Our results did not confirm the suggestion that larger
aneurysms are less suitable for EVAR.14,23,24 In theory,
larger diameter may correlate with shorter and wider neck,
distal aneurysm involvement of the common iliac arteries,
and marked tortuosity. In our study population, however,
the maximum diameter was similar for patients suitable and
unsuitable for EVAR. In addition, age did not influence the
Table II. Unsuitability during two consecutive 20-month periods
First 20 months Second 20 months
Pn % n %
Unsuitable for EVAR 39/64 60.9 17/43 39.5 .03
Inadequate neck anatomy 32/39 82.1 17/17 100.0 .06
Inadequate iliac anatomy 25/39 64.1 8/17 47.1 .23
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suitability rate. This suggests that older patients do not
have more morphologically unfavorable aneurysms com-
pared with younger patients.
In this study, unsuitability for EVAR was similar for
men and women. This finding may seem in contrast with
that of Velazquez et al,25 who reported that more women
(63%) than men (34%) are unsuitable for EVAR, because of
shorter, wider, more angulated proximal aortic necks and
smaller iliac arteries. Of interest, however, when we in-
cluded the 20 patients with suprarenal aortic aneurysm in
the analyses, unsuitability was observed more often in
women (71%) than in men (61%; P  .43), because of
unsuitable necks.
In conclusion, almost half (48%) of patients with non-
emergent infrarenal AAA referred to our primary vascular
referral center are suitable for EVAR, despite some clear
anatomic benefits of the bifurcated Zenith endovascular
graft. In agreement with others, neck anatomy was the
most frequent precluding factor. Advanced experience may
lead to higher suitability rate. Suitability was not influenced
by patient gender or age, and aneurysm size.
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